Introduction
There has been an increase in the prevalence of childhood asthma in developed and westernized countries during the 1990s with high prevalence reported for the UK, 1 -5 although more recently there has been evidence of a plateau or even declining prevalence trends of wheezing/asthma prevalence in certain western cities. 6 -8 Prevalence may vary over time and between studies due to changes in diagnostic labelling, clinical practice or varying study methodologies all of which can affect the interpretation of secular trends. 9 The same survey instruments and asthma definitions should be used for sequential surveys in the same defined populations in order to reduce bias. In 1991, 1993 and 1998 in Merseyside cross-sectional school surveys were undertaken using the same methodology which showed an increasing asthma prevalence in children aged 5 -11 years. 9, 10 The aim of the present study was to determine the trends in prevalence of childhood and parental asthma in these same primary school populations surveyed again in 2006, using the same standardized questionnaire and methodology. Trends between 1991 and 2006 were analysed.
Methods
A respiratory health survey of 1964 children, in the age group 5 -11 years, from 15 primary schools were carried out in 1998, using a parent-completed questionnaire.
In 2006, the same survey was repeated to compare childhood respiratory morbidity with the previous 1998 survey. The methodologies of the survey and core questions were similar for both the 1998 and 2006 studies except for minor modifications of the questionnaire related to parental smoking practices. International Study of Asthma and Allergies in Childhood (ISAAC) core questions were included in both the surveys. 11, 12 Permission was obtained from School authorities for distribution of a parent-completed questionnaire to children identified using the class registers. All parents of children attending the 15 primary schools used for both surveys were requested to participate. Re-visits were conducted to ensure the inclusion of absentees. The primary schools selected in 2006 were the same as those previously surveyed in 1991, 1993 and 1998. The results of the 1991, 1993 and 1998 surveys have been previously reported. 9, 10, 13 In the present analysis, prevalence estimates for doctor diagnosed asthma (DDA) and the symptom triad of cough, wheeze and breathlessness (CþWþBþ) from the 1991 and 1993 surveys are included in a comparative analysis of trend with the 1998 and 2006 surveys. The child's asthmatic status was based on the question 'has your child ever been diagnosed by a doctor as having asthma or bronchial asthma?' The analysis compared results between this definition of DDA or asthma defined on the basis of the combined symptom triad of CþWþBþ. The presence of wheeze was determined by the question 'has your child ever had an attack of wheezing? (by wheezing I mean noisy breathing and a whistling sound coming from the chest)'. In 1998, the ISAAC question on wheeze was introduced (has your child ever had wheezing or whistling in the chest at any time in the past). The presence of cough and breathlessness were determined by the question 'has your child ever been un-expectedly breathless at rest or more breathless than expected after exercise (by breathless I mean out of breath or puffed)?' and 'has your child ever seemed to cough more (or get more coughs) than other children?' The previous surveys conducted in this area have shown that this symptom triad was a suitable surrogate for childhood asthma. 10 Parental asthma status was determined by the question 'does the child's father or mother suffer from asthma?'.
The Townsend Deprivation Index derived from postcodes using the Manchester Information and Association Services Software (MIMAS), was used to classify socioeconomic status. The Index consists of four population variables which are measures of local unemployment, car ownership, overcrowding and home ownership. 14 Values range from 26 to þ12 with a value below zero indicating areas of better socio-economic status. Values above zero indicate an area of lower socio-economic status.
A record of the birthweight was requested. A question was asked about preterm birth, 'Was the baby born prematurely?' Low birthweight was defined as birthweight ,2500 g and intra-uterine growth restriction as a term birth and birthweight ,2500 g. All children were measured for height and weight. Height was measured to the nearest millimetre using a millimetre scale (Child Growth Foundation, UK) and weight was measured to the nearest 100 g using electronic scales (Seca, UK). Obesity was defined as a child with body mass index (BMI) Z-score 1.64 SD and overweight as BMI Z-score 1.04 SD based on UK 1990 reference standard. 15 Maternal smoking during pregnancy was defined as maternal smoking of one or more cigarettes per day during pregnancy.
Statistical analysis used x 2 tests for comparison of proportions and for analysis of trends, student's t-test for comparison of means and analysis of variance for group comparisons and difference between years. Multiple logistic regression using a backward stepwise method was used to estimate adjusted odds ratios and their 95% confidence intervals. Variables included in the model were those with a P-value ,0.2 in univariate analysis and those empirically associated with asthma. These were: household socio-economic status, child age (,7 years), overweight, male child, low birthweight, preterm birth and allergy. The SPSS (Statistical package for social sciences) statistical package (version 17) was used for analysis.
Permission to undertake both the 1998 and 2006 surveys were obtained from the Ethics Committee, Royal Liverpool Children's Hospital NHS Trust, Alder Hey.
Results
The questionnaire response rates in the 1998 and 2006 surveys were 78.1% (1964/2514) and 30.3% (1074/3540), respectively. The majority of questionnaires were completed by mothers (82 and 78%, respectively). Descriptive characteristics for the children in the two surveys are summarized in Table 1 . Comparing the 1998 and 2006 surveys there were small but significant differences in the mean age, weight, height and birthweight. There were no substantial changes in the ethnic composition of children in these schools as the area they are located in have only a small minority of ethnic groups.
In 1998 children were on average slightly older (8.1 versus 7.1 years), and as a consequence taller and heavier (P , 0.001). Mean BMI increased from 17.16 (2.8) in 1998 to 17.69 (3.9) in 2006 (P ¼ 0.323). Between 1998 and 2006, there was also a significant increase in the prevalence of obesity (þ3.9%) and overweight (þ12.9%) (both P , 0.001). There was an increase in prevalence of low birthweight (þ5.1%) (P , 0.001), preterm birth (þ2.8%) (P ¼ 0.039) and intra-uterine growth restriction (IUGR) (þ2.8%) (P , 0.001). There was a decrease in prevalence of smoking among mothers (26.8%), fathers (27.4%) and household members (213.9%) (all P0.001) during the mother's previous pregnancy comparing the 1998 and 2006 surveys.
Prevalence estimates for childhood respiratory symptoms, DDA and parental asthma for both surveys are summarized in Table 2 . The largest negative change in prevalence occurred for well controlled asthma (215.3%) (P , 0.001), with significant changes in DDA (210.4%), wheezing (28.8%) and allergy (28.8%) (all P , 0.001). Prevalence of excess cough (þ10.5%) (P,0.001) increased. There was decrease in the prevalence of excess breathlessness, the symptom triad of CþWþBþ and hospital admission for respiratory symptoms, but these differences were not significant. School absenteeism for respiratory symptoms and maternal asthma prevalence both increased but this change was not significant.
Sex differences for prevalence of DDA and CþWþBþ are summarized in Table 3 . Estimates were lower in 2006 than 1998 for both respiratory categories and the proportional change between the survey periods was comparable for both sexes. The negative percentage change between surveys in DDA was greater for males (P , 0.001). Conversely the negative percentage change for CþWþBþ was greater for females (P , 0.001). Table 4 shows the logistic regression and adjusted odds ratios for DDA for the 1998 and 2006 surveys. Childhood asthma correlated with allergy in both surveys (P , 0.001), with preterm (1998, P ¼ 0.03; 2006, P ¼ 0.05), child age ,7 years (1998, P ¼ 0.027) and obesity in 2006 (P , 0.019). Table 5 summarizes logistic regression and adjusted odds ratios for childhood asthma defined by the symptom triad of CþWþBþ. For the 1998 survey there were significant associations with allergy (P , 0.001), overweight (P ¼ 0.023) and child age (,7 years) (P ¼ 0.041). Questionnaire response rates in 1991 and 1993 were 92% (1171/1260) and 87% (2368/3275), respectively. Prevalence estimates in 1991 for DDA and CþWþBþ were 17.7 and 7.8% and the corresponding estimates for 1993 were 22 and 7.9%. Figure 1 illustrates prevalence estimates for the same variables for all four surveys. There was an increase in prevalence of DDA between 1991 and 1998 (x 2 trend P , 0.001). There was no significant change between 1991 and 1998 for CþWþBþ. The prevalence of DDA was lower in 2006 than for all previous surveys. A similar pattern was seen for excess breathlessness and wheezing as single symptom categories. The prevalence of the symptom triad CþWþBþ showed less variation, but the lowest prevalence was in 2006. MSDP, maternal smoking during pregnancy.
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Discussion
Main findings of study
This analysis showed a significant decrease in prevalence of parentally reported DDA, wheezing and allergy between 1998 and 2006 among Merseyside primary school children. This was in contrast to parental asthma prevalence which increased in the same period. The decrease in childhood prevalence coincided with improved environmental control measures in the area, where the schools are mostly situated and where dock-related activities previously had resulted in substantial air pollution. 13 The proportion reporting well controlled asthma declined between 1998 and 2006 suggesting these changes in prevalence were not necessarily related to improved management practices.
The difference in CþWþBþ prevalence between 1998 and 2006 was not significant although the directional change was the same as for DDA and this probably indicates a true reduction in asthma cases in children. There was a 32.8% reduction in DDA between the two surveys, but only 16.2% reduction in CþWþBþ, which may mean that approximately half of the reduction in DDA was unrelated to the triad of CþWþBþ and may reflect changing physician diagnostic criteria. Alternatively, or in addition, there could have been a greater reduction of milder asthma cases which may be labelled DDA by physicians, compared with those with more severe asthma. The decrease in DDA was associated with a decrease in allergy between 1998 and 2006. There were more mothers with asthma than fathers, which is the reverse of the male: female difference in childhood asthma which has higher prevalence in boys.
It is quite unlikely that methodological differences between the surveys would explain these findings as the same survey methodology and schools were used for the cross-sectional surveys. The lower parental response rates with questionnaire completion in 2006 (30.3%) than in the 1998 survey (78%) could lead to bias. This reduction in questionnaire response rates is a recurrent problem in many school-based community surveys at the present time and in part relates to questionnaire overload and increasing auditing of school-related activities. Efforts were made to secure questionnaire response rates with re-visits for absenteeism and parental reminders. The smaller available study sample in 2006 may represent a sub-group which is less representative of the school population. Children with parents who are more aware of asthma illness and preventive factors may be over-represented due to response bias leading to overestimation of asthma prevalence. In view of this, the observed reduction in prevalence is even more striking. The Townsend Deprivation scores were similar in the 1998 and 2006 study samples indicating these were comparable in terms of socio-economic status. Confirmation of asthma diagnosis, birthweight or preterm status was not available from medical records. Over-reporting of symptoms may occur, or inaccurate recall of birthweight, although maternal recall of birthweight is considered reliable in the UK setting. 16 The lower mean birthweight in 2006 was associated with increased low birthweight prevalence which corresponded with a significant increase in preterm birth and intra-uterine growth restriction. These differences in birth outcomes could indicate that the 2006 sample represented a sub-sample with different health characteristics. However, the poorer birth outcomes reported in the 2006 survey might be expected to lead to increased and not reduced asthma risk, as preterm birth was significantly related to DDA in the regression analysis (Table 4) . 17 
What is already known on the topic
The decrease in the prevalence of DDA is consistent with other studies 18 -21 and may relate to altered patterns of respiratory infection reported in children with reduced environmental exposures, 22 -25 or secondary to improved immunization uptake and changing socio-economic circumstances. 26 The 1998 data set were from a deprived area with 92% of participants living in an area with a Townsend score between 4 and 12.
An absence of a sex difference in adult asthma has been reported, 27 although in a cohort study of asthmatic children followed from age 7 years, women were more likely to have adult asthma than men, as observed in the 1998 and 2006 surveys. 28 The higher prevalence in 2006 for parental asthma occurred in men and women with only a small change in the M:F ratio from the previous survey. An increasing prevalence of asthma in adults would be expected as cohorts of children experiencing a higher prevalence of asthma symptoms during the 1990s reached adult age without an age-related reduction of their asthma symptoms.
9
A 2-fold rise in adult asthma prevalence in the last 20 years has also been reported from Scotland (2.8% in 1972 -1976 to 8.0% in 1996). 29 In addition to this potential cohort effect, changes in dietary practices related to increased dietary intakes of polyunsaturated fats or reduced intakes of antioxidant nutrients could contribute to increased asthma risk. 30 -32 Changing patterns in many potential factors may be implicated including air pollution, cigarette smoke exposure, household pets ownership and obesity. Between 1998 and 2006 there was reduction in parental smoking prevalence in pregnancy, 33 but not in pet ownership. 34 The higher prevalence of childhood obesity in the 2006 compared with 1998 reflected the national pattern in the UK of rising prevalence of childhood obesity. 35 DDA and CþWþBþ showed significant associations with obesity and overweight in the regression analysis (Tables 4 and 5 ). The lower asthma prevalence in 2006 is the reverse of what might be predicted against a background of increasing obesity prevalence in the same population group. Repeat surveys are required to monitor future trends in order to identify whether asthma prevalence continues to fall in relation to changing obesity prevalence or whether present levels are maintained.
What this study adds
There was an impressive reduction in childhood asthma prevalence between 1998 and 2006 following the sequential rise since 1991, and a significant reduction in the number of Numbers indicate asthma prevalence.
TRENDS IN PREVALENCE OF CHILDHOOD AND PARENTAL ASTHMA childhood admissions for respiratory illness (11.3-9 .7%) between these two survey periods. Whether this resulted from a primary reduction in asthma cases or was a result of improved management practices with better recovery from illness, or both, is uncertain. 36 The decrease in childhood admissions for respiratory illness is consistent with the decreased prevalence of DDA and of the symptom triad of CþWþBþ which could indicate a decrease in the number of severe cases. The proportion of children reported with well controlled asthma decreased. This may reflect changing perceptions in parental understanding of well controlled asthma, or that improved control was not achieved in a residual core group of cases.
Limitations
Reduced prevalence of childhood asthma could relate to improved patient awareness and better asthma management with increased attention to preventive measures. These were not assessed as part of this survey and we were unable to directly relate behavioural changes with respiratory profiles. Parental age was not requested and changes in behavioural patterns between adolescents and adults might relate to differences in asthma-related risk factors which could influence prevalence in older individuals.
